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ABSTRACT
We present the results of a campaign of simultaneous X-ray and optical observations
of ‘true’ Type 2 Seyfert galaxies candidates, i.e. AGN without a Broad Line Region
(BLR). Out of the initial sample composed by 8 sources, one object, IC 1631, was found
to be a misclassified starburst galaxy, another, Q2130-431, does show broad optical
lines, while other two, IRAS 01428-0404 and NGC 4698, are very likely absorbed
by Compton-thick gas along the line of sight. Therefore, these four sources are not
unabsorbed Seyfert 2s as previously suggested in the literature. On the other hand, we
confirm that NGC 3147, NGC 3660, and Q2131-427 belong to the class of true Type
2 Seyfert galaxies, since they do not show any evidence for a broad component of the
optical lines nor for obscuration in their X-ray spectra. These three sources have low
accretion rates (m˙ = Lbol/LEdd . 0.01), in agreement with theoretical models which
predict that the BLR disappears below a critical value of Lbol/LEdd. The last source,
Mrk 273x, would represent an exception even of this accretion-dependent versions of
the Unification Models, due to its high X-ray luminosity and accretion rate, and no
evidence for obscuration. However, its optical classification as a Seyfert 2 is only based
on the absence of a broad component of the Hβ, due to the lack of optical spectra
encompassing the Hα band.
Key words: galaxies: active - galaxies: Seyfert - X-rays: individual: IC1631 - X-
rays: individual: Mrk273x - X-rays: individual: IRAS 01428-0404 - X-rays: individual:
NGC3147 - X-rays: individual: NGC3660 - X-rays: individual: NGC 4698 - X-rays:
individual: Q2130-431 - X-rays: individual: Q2131-427
⋆ Based on observations obtained with XMM-Newton, an ESA
science mission with instruments and contributions directly
funded by ESA Member States and the USA (NASA); with the
TNG and NOT operated on the island of La Palma by the Centro
Galileo Galilei and the Nordic Optical Telescope Science Associ-
ation respectively, in the Spanish Observatorio del Roque de los
Muchachos; at the Centro Astrono´mico Hispano Alema´n (CAHA)
at Calar Alto, operated jointly by the Max-Planck Institut fu¨r As-
tronomie and the Instituto de Astrof´ısica de Andaluc´ıa (CSIC);
at the European Organisation for Astronomical Research in the
1 INTRODUCTION
The fundamental idea behind the standard Unified Model
(Antonucci 1993) is that type 1 and type 2 Active Galac-
tic Nuclei (AGN) have no intrinsic physical differences,
Southern Hemisphere, Chile: 278.B-5021(A), 278.B-5016(A); at
the Observatorio de Sierra Nevada (OSN) operated by the Insti-
tuto de Astrof´ısica de Andaluc´ıa (CSIC).
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their classification being instead determined by the pres-
ence or not of absorbing material along the line-of-sight
to the object. This scenario has been extremely success-
ful, although some additional ingredients are needed in or-
der to take into account all the observational evidence (see
e.g. Bianchi, Maiolino & Risaliti 2012, for a review). Among
the failed expectations of the Unification Model is the lack
of broad optical lines in the polarized spectra of about
half of the brightest Seyfert 2 galaxies, even when high-
quality spectropolarimetric data are available (e.g. Tran
2001, 2003).
These Seyfert 2 galaxies without an hidden Broad
Line Region (BLR) are observationally found to accrete
at low Eddington rates (e.g. Nicastro, Martocchia & Matt
2003; Bian & Gu 2007; Shu et al. 2007; Wu et al. 2011;
Marinucci et al. 2012). This is in agreement with theoret-
ical models which predict that the BLR disappears below
a certain critical value of accretion rate and/or luminos-
ity (e.g. Nicastro 2000; Elitzur & Ho 2009; Trump et al.
2011). If the BLR cannot form in weakly accreting AGN,
we expect the existence of the unobscured counterparts of
the non-hidden BLR Seyfert 2 galaxies, that is, optically
classified Type 2 objects, without any evidence of obscu-
ration in their X-ray spectrum. In the last ten years, a
significant number of such ‘true’ Type 2 Seyfert galaxies
have been claimed in the literature (e.g. Pappa et al. 2001;
Panessa & Bassani 2002; Boller et al. 2003; Wolter et al.
2005; Gliozzi, Sambruna & Foschini 2007; Bianchi et al.
2008; Brightman & Nandra 2008; Panessa et al. 2009;
Shi et al. 2010; Tran, Lyke & Mader 2011; Trump et al.
2011), with one case in which the BLR is present but
characterised by an intrinsically high Balmer decrement
(Corral et al. 2005). Most of these sources have the low ac-
cretion rates/luminosities required by the above-mentioned
theoretical models.
Nevertheless, an homogeneous and unambiguous sam-
ple of true Type 2 Seyfert galaxies is still missing. One of
the main issues is that sources may be highly variable and
may change their optical and/or X-ray appearance in dif-
ferent observations. These changing-look AGN are not un-
common. In some cases, this behaviour is best explained
by a real ‘switching-off’ of the nucleus (see e.g. Gilli et al.
2000; Guainazzi et al. 2005), but a variable column density
of the absorber appears as the best explanation in the ma-
jority of the cases (e.g. Elvis et al. 2004; Risaliti et al. 2005;
Bianchi et al. 2009b; Bianchi, Maiolino & Risaliti 2012, and
references therein). If the optical and the X-ray spectrum
are taken in two different states of the source, it is clear
that the disagreement between the two classifications may
be only apparent. Therefore, the key to find genuine un-
absorbed Seyfert 2s is to perform simultaneous X-ray and
optical observations. Only two unabsorbed Seyfert 2 candi-
dates had been observed so far simultaneously in the X-rays
and in the optical band, leading to the discovery of two un-
ambiguous true type Seyfert 2s: NGC 3147 (Bianchi et al.
2008) and Q2131-427 (Panessa et al. 2009). In this paper,
we report on the results of the complete systematic cam-
paign of simultaneous X-ray and optical observations of 8
true Type 2 Seyfert galaxies candidates.
2 THE SAMPLE
In order to build a comprehensive sample of unabsorbed
Seyfert 2 candidates, we started from the Panessa & Bassani
(2002) sample, which includes 17 type 2 Seyfert galaxies
with an X-ray column density lower than 1022 cm−2 and
very unlikely to be Compton-thick, as suggested by isotropic
indicators. We selected a conservative subsample, exclud-
ing the sources where an intrinsic column density (even if
much lower than the one expected from the optical proper-
ties) is actually measured. Therefore, we only choose sources
which are genuinely unabsorbed, in the sense that no col-
umn density in excess of the Galactic one has ever been
observed in the X-rays, with tight upper limits (at most
few 1021 cm−2: Panessa & Bassani 2002). Moreover, three
other sources (NGC 4565, NGC 4579 and IRAS 20051-
1117) were excluded because were found to be misclassified
in the optical, all having broad components of the emis-
sion lines (Ho et al. 1997; Georgantopoulos et al. 2004). An-
other one (NGC 7590) was found to be a Compton-thick
Seyfert 2 dominated by a nearby off-nuclear ultra-luminous
X-ray source (Shu, Liu & Wang 2010), while NGC 7679
is dominated by starburst emission in the optical band
(della Ceca et al. 2001).
To the remaining five objects, we added two sources
belonging to a sample of ‘naked’ AGN, i.e. spectroscopi-
cally classified as Seyfert 2s, but with very large amplitude
variations in the BJ passband, typical of type 1 objects,
where the nucleus is directly seen without intervening ab-
sorption (Hawkins 2004). The sources included in our sam-
ple were selected from the three objects with Chandra data
presented by Gliozzi, Sambruna & Foschini (2007), support-
ing their unabsorbed nature, excluding Q2122-444, which,
re-observed simultaneously with XMM-Newton and NTT,
revealed the presence of broad optical line components,
thus ruling out the true type 2 hypothesis (Gliozzi et al.
2010). Finally, we added to our sample NGC 3660, a very
promising unabsorbed Seyfert 2 candidate suggested by
Brightman & Nandra (2008).
The final sample (Table 1) is constituted by 8 sources,
which we observed with XMM-Newton. As mentioned in
the Introduction, to avoid any possible misclassification due
to variability of the sources, we coordinated all the XMM-
Newton observations with quasi-simultaneous ground-based
optical spectroscopy. As a final note, we would like to stress
that, given the heterogeneous selection methods described
above, this sample is by no means complete in any sense.
3 OBSERVATIONS AND DATA REDUCTION
3.1 XMM-Newton
The XMM-Newton observations of the sources of our sam-
ple are listed in Table 1. In all cases, the observations were
performed with the EPIC CCD cameras, the pn and the
two MOS, operated in Large and Small Window, respec-
tively, and Medium Filter. Data were reduced with SAS
8.0.0 and screening for intervals of flaring particle back-
ground was done consistently with the choice of extrac-
tion radii, in an iterative process based on the procedure
to maximize the signal-to-noise ratio described in detail
by Piconcelli et al. (2004) in their Appendix A. The back-
c© 0000 RAS, MNRAS 000, 000–000
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Table 1. The sample of true type Seyfert 2 candidates analysed in this paper, along with the details of the quasi-simultaneous X-ray
and optical/NIR observations.
Name z XMM-Newton Optical/NIR
Obs. Date obsid Exp. Obs. Date Instr. Slit Exp. Range λ/∆λ
IC 1631 0.030968 2006-11-23 0405020801 22 2006-12-01 VLT/FORS2/300V 1.0′′ 1200 4450-8700 440
IRAS 01428-0404 0.018199 2008-08-03 0550940201 18 2008-07-30 CAHA/CAFOS/G-100 1.8′′ 1800x2 4900-7800 880
Mrk 273x 0.458000
2010-05-13 0651360301 14
2010-05-17 TNG/LRS/LR-R 1.0′′ 1800 4470-10073 714
2010-05-15 0651360501 15
2010-05-17 0651360601 14
2010-06-26 0651360701 11
NGC 3147 0.009346 2006-10-06 0405020601 17
2006-10-04
OSN/Albireo 2.0′′ 1800x6 4000-7000 15002006-10-05
2006-10-09
NGC 3660 0.012285 2009-06-03 0601560201 15
2010-01-15 NOT/ALFOSC/Gr7 0.5′′ 300x2 3850-6850 1300
2011-02-04 TNG/LRS/LR-B 0.7′′ 120 3000-8430 835
2011-02-04 TNG/LRS/LR-R 0.7′′ 60 4470-10073 1020
2011-00-00 TNG/NICS/IJ 0.75′′ 360x4 9000-14500 665
2011-00-00 TNG/NICS/JS 0.75′′ 945x4 11700-13300 1600
NGC 4698 0.003366 2010-06-09 0651360401 33 2010-12-28 NOT/ALFOSC/Gr7 0.5′′ 30x2 3850-6850 1300
Q2130-431 0.266 2006-11-13 0402460201 32 2006-12-20 NTT/EMMI/Gr4 1.0′′ 1200 5500-10000 613
Q2131-427 0.365 2006-11-15 0402460401 27 2006-12-20 NTT/EMMI/Gr4 1.0′′ 1200 5500-10000 613
Notes: Col (1): Source; Col. (2): redshift (NED); Col (3-5): XMM-Newton observation date, obsid and exposure time (ks); Col. (6-11): Optical/NIR
observation date, instruments, adopted slit, exposures (s), wavelength range (A˚) and resolution.
ground spectra were extracted from source-free circular re-
gions with a radius of 50 arcsec. The MOS data have been
only used when the number of counts in their spectra was
high enough to significantly help in the analysis. Finally,
spectra were binned in order to oversample the instrumen-
tal resolution by at least a factor of 3 and to have no less
than 20 counts in each background-subtracted spectral chan-
nel. The latter requirement allows us to use the χ2 statis-
tics. When the number of counts is too low (as in the cases
of IRAS 01428-0404 and NGC 4698), we performed a bin-
ning with less counts per bin, and adopted the Cash (1976)
statistics. Similarly, in order to look for the iron Kα emis-
sion lines in low-counts spectra, we also performed local
fits with the unbinned spectra (in a restricted energy band
of 350 channels centered around rest-frame 6.4 keV) with
the Cash statistics (see e.g. Guainazzi, Matt & Perola 2005;
Bianchi, Guainazzi & Chiaberge 2006).
In the following, errors and upper limits correspond to
the 90 per cent confidence level for one interesting parame-
ter (∆χ2 = 2.71), where not otherwise stated. The adopted
cosmological parameters are H0 = 70 km s
−1 Mpc−1 ,
ΩΛ = 0.73 and Ωm = 0.27 (i.e. the default ones in xspec
12.7.1: Arnaud 1996).
3.2 Optical data
Optical spectroscopy of our ‘true’ Seyfert 2 candidates was
obtained in a variety of ground-based telescopes and instru-
ments, as detailed in Table 1. All the optical observations
took place within a few days up to few months of the XMM-
Newton X-ray observations. For the purposes of our study,
these observations can be considered ‘simultaneous’, since
we expect the optical spectroscopy and the X-ray observa-
tions to map essentially the sources in the same configura-
tion.
X-ray absorption variability has been observed on a
large number of sources in time-scales as short as less than
a day, including temporary ‘eclipses’ of otherwise unob-
scured objects (e.g Elvis et al. 2004; Risaliti et al. 2005;
Elvis et al. 2004; Puccetti et al. 2007; Bianchi et al. 2009b;
Risaliti et al. 2011). However, absorption on these scales, be-
ing well within the sublimation radius and hence dust-free,
cannot affect the reddening of the BLR. Therefore, these
short-term variability could only explain the observation of
an X-ray obscured Seyfert 1 galaxy (if observed when the
cloud absorbs the X-ray source), but not the X-ray unab-
sorbed Seyfert 2 galaxies we are interested in.
On the other hand, the BLR can only be reddened by
an absorber at a distance greater than the dust sublimation
radius, which can be roughly written as rd ≃ 0.04L
1/2
43 pc,
with L43 being the bolometric luminosity in 10
43 erg s−1
(adapted from Barvainis 1987). In order to cover the en-
tire BLR, a cloud must have at least the same dimensions,
which again can be roughly expressed as rb ≃ 0.008L
1/2
43 pc
(adapted from the relationship for the Hβ line presented in
Bentz et al. 2009). The minimum time tm needed in order
to completely cover or uncover the BLR is, therefore, the
crossing time of such a cloud: v = rb/tm. Assuming that
the cloud is in Keplerian motion around the central BH at
distance rd, we find an estimate of tm as
tm = 7.9 × 10
7 L
3/4
43 M
−1/2
8 s (1)
Therefore, even the ≃ 6 months delay between the X-
ray and optical observation in NGC 3660 is safely shorter
than the minimum variability time-scale for a reddening
change of the BLR estimated for this source, which is few
years from the above formula and the BH mass and bolo-
metric luminosity reported in Sect. 5.3.
The optical long-slit spectrographs used had a variety
of spectral dispersions, typically dubbed ‘intermediate’, i.e.
enough to measure the width of an emission line of sev-
eral 100 km s−1 intrinsic width. Observations were done
c© 0000 RAS, MNRAS 000, 000–000
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Table 2. Optical line diagnostics from the analysis of the optical
spectra of our campaign (ratios are expressed in decadic loga-
rithms). Classifications (SB: Starburst; S1: Seyfert 1; S2: Seyfert
2) are done after Kewley et al. (2006), and references therein (see
Fig. 1).
Source
[N ii]
Hα
[O iii]
Hβ
[S ii]
Hα
[O i]
Hα
Cl.
IC 1631 -0.58 0.08 -0.63 -1.53 SB
IRAS 01428-0404 -0.20 0.71 -0.57 -1.08 S2
Mrk 273x – 0.85 – – S2?
NGC 3147 0.3 0.85 0.2 – S2
NGC 3660 (NOT) -0.21 0.48 -0.55 -1.49 S2
NGC 3660 (TNG) -0.16 0.63 -0.60 -1.43 S2
NGC 4698 0.42 > 0.93 -0.10 < −0.54 S2
Q2130-431 0.23 1.03 -0.29 – S1
Q2131-427 0.12 0.97 – – S2
with the slit oriented in parallactic angle in order not to
loose flux at bluer wavelengths. The data were reduced us-
ing standard processing techniques, including de-biassing,
flat-fielding along the spectral direction, arc lamp wave-
length calibration, spectral extraction and background sub-
traction from the nearby sky and approximate flux recti-
fication using spectrophotometric standard stars (but not
correction for slit width). Statistical errors were properly
propagated through the whole process, enabling us to per-
form statistical modelling of patches of the spectra, which
we used to deblend and characterize emission lines. We
typically took spectral regions around the Hβλ4861 and
[O iii]λ5007 emission lines and the Hαλ6563 and [N ii]λ6583
lines. Spectra were fitted, via χ2 minimisation, by mod-
elling the continuum as a powerlaw or a spline function,
and each line component as a Gaussian. In order to disen-
tangle any broad component of the Hα, we assumed that
(i) F([N II] λ6583)/F([N II] λ6548) = 3, as required by the
ratio of the respective Einstein coefficients, (ii) λ2/λ1 =
6583.39/6548.06 and (iii) the [N II] lines are Gaussians with
the same width. With the exception above, the central wave-
lengths of all lines were left free, not constraining them to
have a fixed ratio between them or to be at the expected
redshift. The line flux ratios were then plotted in the dia-
grams shown in Fig. 1, where the separations between Star-
burst galaxies, Seyfert galaxies and LINERs are marked as
in Kewley et al. (2006).
4 SPECTRAL ANALYSIS
4.1 IC1631
The spectral classification of this source as given by
Panessa & Bassani (2002) was rather ambiguous, because
of the lack of a measured flux of [O i]6300. Indeed, their op-
tical data was taken from Sekiguchi & Wolstencroft (1993),
who classified IC 1631 as a starburst galaxy. On the other
hand, Kirhakos & Steiner (1990) opted for an AGN classi-
fication, based on the large FWHM of the [O iii] line. The
optical line ratios derived from our high-quality spectrum,
shown in Fig 2, all clearly points to a classification as a star-
burst galaxy (see Tables 2 and 3, and Fig. 1), with no sign
of AGN activity in this galaxy.
Table 3. IC1631: optical emission lines in the ESO spectrum (see
Fig. 2).
Line λl FWHM Flux
(1) (2) (3) (4)
Hβ 4861.33 490± 50 2.8± 0.3
[O iii] 4958.92 540± 60 1.0± 0.2
[O iii] 5006.85 540± 60 3.4± 0.4
[O i] 6300.32 1000 ± 700 0.4± 0.3
[N ii] 6548.06 415± 40 1.19± 0.03
Hα 6562.79 414± 18 13.5± 0.6
[N ii] 6583.39 415± 40 3.58± 0.09
[S ii] 6716.42 430± 50 1.8± 0.3
[S ii] 6730.78 430± 50 1.4± 0.3
Notes.– Col. (1) Identification. Col (2) Laboratory wavelength
(A˚), in air (Bowen 1960). Col. (3) km s−1 (instrumental resolution
not removed). Col. (4) 10−14 erg cm−2 s−1.
In X-rays, IC 1631 had never been observed before our
campaign, with the only exception of a non-detection by
Ginga, with a very loose upper limit for the 2-10 keV flux of
1×10−11 erg cm2 s−1, as it was likely contaminated by Abell
2877 (Awaki & Koyama 1993). Although the source is quite
faint, the XMM-Newton EPIC pn image appears extended,
with roughly an excess in counts of 40-80% with respect to
the PSF between 10 and 15′′, and no variability is observed.
The X-ray spectrum can be fitted (χ2 = 14/13 d.o.f.) with
a simple powerlaw (Γ = 2.0 ± 0.3), absorbed only by the
Galactic column density (Fig. 3). Any absorption in excess,
at the redshift of the source, can be constrained to be lower
than 4 × 1020 cm−2. No iron line is required by the data,
with an upper limit to its flux of 2 × 10−7 ph cm−2 s−1 in
a local fit to the unbinned spectrum (due to the low level
of continuum at this energy, no upper limit to the EW can
be estimated). More refined models cannot be tested due to
the low quality of the spectrum. However, the addition of a
thermal component (apec in xspec) gives a very good fit
(χ2 = 7/11 d.o.f.) with kT=0.3+0.2
−0.1 keV and Γ = 1.5±0.3, in
agreement with the expectations for starburst galaxies (e.g.
Persic & Rephaeli 2002).
The 2-10 (0.5-2) keV flux is 3.0±1.0 (2.3±0.3) ×10−14
erg cm−2 s−1, corresponding to a 2-10 keV luminosity of
6.6 ± 2.1 × 1040 erg s−1. This luminosity would correspond
to a star formation rate of ≃ 10 − 15 M⊙/yr, according to
the relations presented in Ranalli, Comastri & Setti (2003),
which is well in the range of local starburst galaxies (e.g.
Sargsyan & Weedman 2009).
4.2 IRAS01428-0404
IRAS 01428-0404 was optically classified as Seyfert 2 by
Moran, Halpern & Helfand (1996) and Pietsch et al. (1998).
In our new optical spectrum (Fig. 4), the line ratios all
clearly confirm this classification (see Tables 2, 4, and
Fig. 1).
In X-rays, IRAS 01428-0404 was detected in the ROSAT
All-Sky Survey (performed in the second half of 1990) with
c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. Optical line diagnostic diagrams from the analysis of the optical spectra of our campaign. Arrows indicate upper/lower limits.
Classifications are done after Kewley et al. (2006), and references therein (see Table 2).
Figure 2. IC 1631: ESO optical spectrum and best fit (see Table 3).
a 0.1-2.4 keV flux of 6.3× 10−12 erg s−1 cm−2 (Boller et al.
1992), but the identification was subsequently dubbed as
insecure by Boller et al. (1998), and by ASCA (in 1997)
with a reported 2-10 keV flux of 4 × 10−13 erg s−1 cm−2
(Panessa & Bassani 2002). As for our XMM-Newton obser-
vation, the simplest possible model, i.e. a power law ab-
sorbed by the Galactic column density, provides a good
fit (normalized Cash statistics is 39/36 d.o.f.) to the 0.5-8
keV spectrum (the source is not detected above this energy:
see Fig. 5). The powerlaw index is Γ = 2.3 ± 0.3, and no
intrinsic absorption is found at the redshift of the source
(NH < 6×10
20 cm−2). No significant variability is observed
during the observation. The 2-10 (0.5-2) keV observed flux is
2.1±0.5 (3.0±0.5)×10−14 erg s−1 cm−2, corresponding to an
absorption-corrected luminosity of 1.9±0.4 (2.5±0.4)×1040
erg s−1. The 2-10 keV to [O iii] luminosity ratio, once cor-
rected for the Balmer decrement as measured in our optical
spectrum, is log LX
L[OIII]
≃ −0.5, strongly suggesting that
the source is Compton-thick (see e.g. Panessa et al. 2006;
Lamastra et al. 2009; Marinucci et al. 2012). Although flat-
ter powerlaw indices are expected for X-ray spectra of
Compton-thick sources, much steeper ones are usually found
in low-counts sources, since the dominating component is
the soft excess which peaks where the instrumental effective
area is larger, instead of the Compton reflection component
at higher energies (see e.g. Bianchi, Guainazzi & Chiaberge
2006).
This interpretation is also in agreement with the overall
Spectral Energy Distribution (SED), shown in the left panel
c© 0000 RAS, MNRAS 000, 000–000
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Figure 4. IRAS01428-0404: CAHA optical spectrum and best fit (see Table 4).
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Figure 3. IC 1631: the XMM-Newton observation.
EPIC pn spectrum, along with the best fit and residuals in terms
of ∆χ2. See text for details.
of Fig. 6, which resembles that of a Compton-thick source.
The SED has been built using data from NED, SuperCos-
mos Sky Survey (SSS) and our XMM-Newton proprietary
data (photometric data from the Optical Monitor and re-
binned X-ray spectrum). The SED is corrected for Galactic
absorption and shifted to rest frame. We fitted this SED with
a set of pure AGN and pure SB templates (see Ruiz et al.
2010, for a complete description of these templates), find-
ing as best fit model a combination of a type 2 AGN and
a starburst. The AGN template (NGC 3393) has an Hydro-
gen column density > 1025 cm−2. The starburst component
(template from IRAS 12112+0305) is ≃ 40% of the total
bolometric output of this source.
The only evidence potentially at odds with the
Table 4. IRAS01428-0404: optical emission lines in the CAHA
spectrum (see Fig 4).
Line λl FWHM Flux
(1) (2) (3) (4)
Hβ 4861.33 275 ± 15 5.2± 0.3
[O iii] 4958.92 318 ± 4 8.7± 0.3
[O iii] 5006.85 318 ± 4 26.4± 0.4
[O i] 6300.32 400 ± 30 3.9± 0.3
[N ii] 6548.06 360 ± 4 9.92± 0.12
Hα 6562.79 364 ± 3 46.9± 0.4
[N ii] 6583.39 360 ± 4 29.8± 0.4
[S ii] 6716.42 345 ± 11 6.6± 0.4
[S ii] 6730.78 345 ± 11 6.1± 0.3
Notes.– Col. (1) Identification. Col (2) Laboratory wavelength
(A˚), in air (Bowen 1960). Col. (3) km s−1 (instrumental resolution
not removed). Col. (4) 10−16 erg cm−2 s−1.
Compton-thick interpretation of IRAS 01428-0404 is repre-
sented by the larger X-ray fluxes measured in the past ASCA
observation. Therefore, we downloaded the ASCA data from
the Tartarus database1, and re-analysed the GIS and SIS
spectra. The 0.5-2 keV energy band can be fitted with a
very steep powerlaw absorbed by the Galactic column den-
sity, for a flux in the same band of (3.0 ± 0.3)×10−13 erg
s−1 cm−2. In the 2-10 keV band, the source is undetected
(3σ confidence level) by the SIS0 and the GIS2, while it is
1 http://tartarus.gsfc.nasa.gov
c© 0000 RAS, MNRAS 000, 000–000
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Figure 6. Left: Spectral Energy Distribution of IRAS 01428-0404 and best fit model (black solid line). Red-dotted line is the AGN
component and green-dashed line is the SB component. See text for details. Right: XMM-Newton EPIC pn field of IRAS 01428-0404.
The extraction region for the pn spectrum is shown in yellow. The large green circle is the extraction region for the ASCA SIS1 spectrum,
which includes several other bright sources (see Table 5).
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Figure 5. IRAS 01428-0404: the XMM-Newton observation.
EPIC pn (black) and co-added MOS (red) spectra, along with
the best fit and residuals. See text for details.
formally detected (≃ 4σ) by the SIS1 and the GIS3. When
fitted with a pure reflection component, we recover a 2-10
keV flux of (2.3 ± 1.0)×10−13 erg s−1 cm−2. Both the soft
and the hard X-ray flux are, therefore, roughly a factor of 10
larger than in our XMM-Newton observation. However, in
the ASCA source extraction region there are several other
sources, four of them with a comparable X-ray flux to the
target (see right panel of Fig. 6). None of these sources have
been identified yet. Their X-ray spectra can be fitted with
a simple power law, absorbed by the Galactic column den-
sity. We give basic information and X-ray fluxes in Table 5
for each of them. The combined fluxes of these sources and
IRAS 01428-0404 is consistent with the ASCA observed flux
in the 2-10 keV band, while it is still a factor of 3 lower in
the 0.5-2 keV band. However, there is no reason to assume
that the varying source is IRAS 01428-0404.
4.3 Mrk273x
Mrk 273x was classified as a Seyfert 2 galaxy by Xia et al.
(1999) on the basis of the large FWHM of the [O iii] emission
line and the ratio [O iii]5007/Hβ > 3. Unfortunately, during
our optical observation the source was observed very close
to morning twilight with very large fringing and some sort
of electronic noise, so the spectrum is rather less than opti-
mal, making it difficult to exclude the presence of a broad
component of the Hβ. Moreover, the redshift of the source
(0.458) only allowed us to observe the [O iii]5007 and Hβ
wavelength range, thus limiting our diagnostics (Fig. 7).
Therefore, we can basically confirm the results presented
by Xia et al. (1999), without shedding more details on the
optical classification of the source and the presence of broad
components of the permitted lines (see Tables 2 and 6).
A spectrum encompassing the Hα emission line region is
needed to settle the issue.
In X-rays, ASCA and BeppoSAX could not spatially re-
solve Mrk273x from the neighbour Mrk273 (Iwasawa 1999;
Risaliti et al. 2000). Subsequent observations with Chandra,
XMM-Newton and Suzaku provided an unabsorbed power-
law spectrum, with a large luminosity (≃ 1044 erg s−1) and
small variability on short and long timescales (Xia et al.
2002; Balestra et al. 2005; Teng et al. 2009). Our XMM-
Newton observation was divided into four distinct exposures,
all plagued by very high particle background. Even after the
optimization method described in Sect. 3.1, the resulting
spectrum is very poor (see Fig. 8), and can be fitted by a
simple powerlaw (Γ = 1.6+0.5
−0.4) absorbed by the Galactic col-
umn density (χ2 = 17/20 d.o.f.). Any absorption in excess,
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Table 5. List of unidentified X-ray sources detected in the XMM-Newton observation of IRAS 01428-0404, within the source extraction
region adopted for the ASCA observation. See right panel of Fig 6 and text for details.
Source RA DEC Γ Fs Fh
(1) (2) (3) (4) (5) (6)
XMMU J014507.9-034905 01:45:07.9 -03:49:05.8 1.6+0.2
−0.3 2.5± 0.4 6.1± 0.7
XMMU J014525.0-035213 01:45:25.0 -03:52:13.0 1.8+0.6
−0.5 1.0± 0.3 1.8± 0.5
XMMU J014531.1-034717 01:45:31.1 -03:47:17.0 2.1± 0.6 1.1± 0.3 1.1± 0.2
XMMU J014533.0-034731 01:45:33.0 -03:47:31.4 1.6+0.4
−0.3 1.9± 0.4 4.8± 1.9
Notes.– Col. (1) Name of the source following the naming conventions suggested by the XMM-Newton team. (2), (3) RA and DEC
(Equatorial J2000) (4) X-ray photon index (5), (6) 0.5-2 and 2-10 keV fluxes are in 10−14 erg s−1 cm−2.
Table 6. Mrk273x: optical emission lines in the TNG LRS spec-
trum (see Fig. 7).
Line λl FWHM Flux
(1) (2) (3) (4)
Hβ 4861.33 800± 80 3.8± 1.9
[O iii] 4958.92 800± 80 8± 2
[O iii] 5006.85 800± 80 27± 3
Notes.– Col. (1) Identification. Col (2) Laboratory wavelength
(A˚), in air (Bowen 1960). Col. (3) km s−1 (instrumental resolution
not removed). Col. (4) 10−16 erg cm−2 s−1.
Figure 7. Mrk273x: TNG spectrum and best fit (see Table 6).
at the redshift of the source, can be constrained to be lower
than 2×1021 cm−2. A more stringent upper limit (4.5×1020
cm−2) was found by Balestra et al. (2005) with the previ-
ous XMM-Newton observation. The 2-10 (0.5-2) keV flux is
1.1±0.6 (0.45±0.09) ×10−13 erg cm−2 s−1, corresponding to
a 2-10 (0.5-2) keV luminosity of 7.3 ± 2.9 (3.0± 0.6) ×1043
erg s−1. The 2-10 keV to [O iii] luminosity ratio is, there-
fore, log LX
L[OIII]
≃ 1.6, which is perfectly consistent with
the source being unobscured (see e.g. Lamastra et al. 2009),
even considering the (unknown, due to the lack of the Hα
emission line in the optical spectrum) Balmer decrement to
be applied to correct for reddening the [O iii] luminosity.
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Figure 8. Mrk273x: the XMM-Newton observation. EPIC pn
spectrum, along with the best fit and residuals in terms of ∆χ2.
See text for details.
4.4 NGC3147
The classification of NGC 3147 as a Seyfert 2 was orig-
inally given by Ho, Filippenko & Sargent (1997). ASCA
provided the first X-ray spectrum, without significant
absorption, as later confirmed by BeppoSAX (Dadina
2007) and Chandra, which also showed that no off-nuclear
source can significantly contribute to the nuclear emission
(Terashima & Wilson 2003). The simultaneous X-rays and
optical observations of NGC 3147 were analysed in detail by
Bianchi et al. (2008), who confirmed the lack of broad per-
mitted lines in the optical spectrum and of X-ray absorption,
strongly suggesting that the source is a “true type” Seyfert
2. These conclusions were further refined thanks to a long
broad-band Suzaku observation, which allows only for a pe-
culiar Compton-thick source dominated by an highly ionised
and compact reflector as a viable alternative (Matt et al.
2012). However, this solution is strongly disfavoured by
the observed X-ray variability on yearly time scales of the
source. That the variation cannot be due to a confusing
source is demonstrated by the fact that the highest flux has
been measured by the best spatial resolution satellite (e.g.
Matt et al. 2012, and references therein). This again leaves
the “true” Seyfert 2 nature of NGC 3147 as the most likely
explanation.
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Table 7. NGC3660: optical emission lines in the NOT spectrum
(see Fig. 9).
Line λl FWHM Flux
(1) (2) (3) (4)
Hβ 4861.33 250 ± 30 3.8± 0.4
[O iii] 4958.92 280 ± 10 4.0± 0.3
[O iii] 5006.85 280 ± 10 11.6± 0.5
[O i] 6300.32 240 ± 110 0.5± 0.2
[N ii] 6548.06 200 ± 10 3.17± 0.13
Hα 6562.79 200 ± 10 15.5± 0.5
Hα 6562.79 2900 ± 500 9.5± 1.4
[N ii] 6583.39 200 ± 10 9.5± 0.4
[S ii] 6716.42 200 ± 20 2.5± 0.3
[S ii] 6730.78 200 ± 20 1.9± 0.2
Notes.– Col. (1) Identification. Col (2) Laboratory wavelength
(A˚), in air (Bowen 1960). Col. (3) km s−1 (instrumental resolution
not removed). Col. (3) 10−15 erg cm−2 s−1.
4.5 NGC3660
NGC 3660 was optically classified as a Seyfert 2 by
Moran, Halpern & Helfand (1996) and Gu et al. (2006),
but as a composite/transition Seyfert 2/starburst galaxy
by Kollatschny et al. (1983), Contini, Considere & Davoust
(1998) and Gonc¸alves, Ve´ron-Cetty & Ve´ron (1999).
This could be due to the presence of a very compact
nuclear starburst detected through the 3.3 µm poly-
cyclic aromatic hydrocarbon (PAH) emission feature
(Imanishi 2003). A weak broad component of the Hα
and/or the Hβ line was reported by Kollatschny et al.
(1983), Gonc¸alves, Ve´ron-Cetty & Ve´ron (1999) and
Cid Fernandes et al. (2004), after removal of the starlight.
We show in Fig. 9 our new optical spectra: the optical
lines ratios are more typical of a Seyfert galaxy, but we
confirm the possible contamination by a starburst region,
mostly in the NOT spectrum (see Table 2 and Fig. 1).
Both spectra also confirm the possible presence of a broad
(FWHM≃ 3000 km s−1) component of the Hα emission
line, but with a flux at most 0.7 (0.8) that of the narrow
core, in the NOT (TNG) spectrum. Fitting a component
with the same width at the Hβ wavelength results in an
upper limit to the flux of only 0.1 (0.5) with respect to the
narrow core.
In order to confirm or reject the signatures of a (weak
or heavily reddened) BLR in the optical spectrum, we also
observed NGC 3660 in the near infrared, with two different
grisms. There is no detection of any broad permitted hydro-
gen Paschen lines in either spectra (see Fig. 10 and Table 9).
In particular, the tightest upper limit on a broad component
of the Paβ (once fixed the FWHM to the one possibly found
in the optical spectra) comes from the spectrum with the
highest resolution: its flux is at most 0.4 that of the narrow
component. Therefore, we conclude that the BLR is not vis-
ible in the infrared, and the weak broad component possibly
detected in the optical spectra is likely an artefact of a bad
modelling of the continuum.
Table 8. NGC3660: optical emission lines in the TNG spectrum
(see Fig. 9).
Line λl FWHM Flux
(1) (2) (3) (4)
Hβ 4861.33 520 ± 100 5.1± 0.8
[O iii] 4958.92 510 ± 20 7.7± 0.6
[O iii] 5006.85 510 ± 20 21.6± 0.7
[O i] 6300.32 370∗ 1.0± 0.6
[N ii] 6548.06 420 ± 20 6.2± 0.2
Hα 6562.79 440 ± 20 27.0± 0.8
Hα 6562.79 2700 ± 300 18.7± 2.5
[N ii] 6583.39 420 ± 20 18.7± 0.7
[S ii] 6716.42 340 ± 50 3.1± 0.6
[S ii] 6730.78 340 ± 50 3.7± 0.6
Notes.– Col. (1) Identification. Col (2) Laboratory wavelength
(A˚), in air (Bowen 1960). Col. (3) km s−1 (instrumental resolution
not removed). Col. (4) 10−15 erg cm−2 s−1.
Table 9. NGC3660: NIR emission lines in the TNG NICS spec-
trum with grism IJ (see Fig. 10).
Line λl FWHM Flux
(1) (2) (3) (4)
[S iii] 9068.6 490 ± 50 12.7± 2.3
[S iii] 9530.6 490 ± 50 28.0± 2.4
He I 10830.3 490 ± 60 22.0± 2.2
Pa γ 10938.1 490 ± 60 3.8± 1.7
[Fe ii] 12566.8 360 ± 60 5.8± 1.5
Pa β 12818.1 360 ± 60 10.4± 2.1
Notes.– Col. (1) Identification. Col (2) Laboratory wave-
length (A˚), in air (NIST Atomic Spectra Database (ver. 4.1.0):
http://physics.nist.gov/asd Col. (3) km s−1 (instrumental reso-
lution not removed). Col. (4) 10−15 erg cm−2 s−1.
In X-rays, NGC 3660 was detected in the ROSAT All-
Sky Survey with a 0.1-2.4 keV flux of 1.4 × 10−12 erg s−1
cm−2 (Boller et al. 1992). The ASCA spectrum is fitted
well by a power law with no absorption above the Galac-
tic column, for a 2-10 keV flux of 2.3 × 10−12 erg s−1
cm−2 (Brightman & Nandra 2008). Interestingly, the same
authors report a significant variability on short time-scales.
The BeppoSAX data confirm the absence of absorption in
excess to that of the Galaxy, but the 20-100 keV flux mea-
sured by the PDS is well above what is predicted extrap-
olating the spectrum observed below 10 keV, suggesting a
Compton-thick absorber along the line of sight, although
at odds with the upper limit on the EW of the iron Kα
line of 230 eV (Dadina 2007). Moreover, the source is not
detected by the Swift BAT hard X-ray survey, even if the
reported BeppoSAX PDS flux is larger than its flux limit
(Cusumano et al. 2010).
Our XMM-Newton data confirm the rapid variability
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Figure 9. NGC 3660: NOT and TNG optical spectra along with best fits (see Table 7 and 8).
of NGC 3660 both in the soft and in the hard X-rays,
with no strong hints for variations of the hardness ratio
(see left panel of Fig 11). The EPIC pn and co-added
MOS spectra cannot be fitted by a simple power law ab-
sorbed by the Galactic column density (χ2 = 535/281 d.o.f.),
mainly due to a clear excess below 0.8 keV. The latter
can be modelled by a blackbody emission, at a temper-
ature of T = 0.082 ± 0.008 keV, resulting in an accept-
able fit (χ2 = 310/279 d.o.f.), with a power law index
Γ = 1.99 ± 0.03. The addition of a neutral iron Kα nar-
row (σ = 0 eV) emission line at an energy fixed to 6.4 keV
produces a marginal improvement of the fit (∆χ2 = 4 for
one less degree of freedom. Its flux is (1.8± 1.5) × 10−6 ph
cm−2 s−1, and the EW=60 ± 50 eV. A further improve-
ment is achieved by adding a Compton reflection compo-
nent (modelled with pexrav, with the photon index tied to
that of the primary powerlaw, the inclination angle fixed to
30◦ and no cutoff energy), without changing significantly the
other parameters, with the exception of the iron line, whose
flux is now an upper limit (< 2.3 × 10−6), and a rather
unconstrained Compton reflection fraction (R = 2.4 ± 1.1).
The fit is now perfectly acceptable (χ2 = 291/277 d.o.f.)
and is shown in the right panel of Fig 11. The 0.5-2 keV
flux is (2.45 ± 0.05) × 10−12 erg s−1 cm−2, while the 2-10
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Figure 10. NGC 3660: TNG/NICS spectra. In the left panel, the spectrum taken with grism IJ is shown, while in the right panel both
the IJ (upper spectrum) and the JS (lower spectrum, rescaled for illustration purposes) are shown.
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Figure 11. NGC 3660: the XMM-Newton observation. Left: EPIC pn lightcurve in the full band (0.3-10 keV). Right: EPIC pn (black)
and co-added MOS (red) spectra, along with the best fit and residuals in terms of ∆χ2. See text for details.
keV flux is (3.09± 0.05) × 10−12 erg s−1 cm−2. They cor-
respond to luminosities of (9.5± 0.2) × 1041 erg s−1 and
(1.03± 0.02) × 1042 erg s−1, respectively.
4.6 NGC4698
NGC 4698 was classified as a Seyfert 2, with no trace
of broad Hα, by Ho, Filippenko & Sargent (1997) and
Ho et al. (1997). Our optical spectrum, shown in Fig. 12,
confirms unambiguously this classification (see Table 10 and
Fig. 1).
In X-rays, after the detection by Einstein
(Fabbiano, Kim & Trinchieri 1992), NGC 4698 was
observed with ASCA, with a reported 2-10 keV luminosity
of 2.2×1040 erg s−1, and an upper limit of the order of 1021
cm−2 to any neutral absorbing column density (Pappa et al.
2001). The high spatial resolution of Chandra showed that
the ASCA spectrum was dominated by two nearby AGN,
while the nuclear source has a significantly lower luminosity
of 1039 erg s−1 (0.3-8 keV: Georgantopoulos & Zezas
2003). However, the nuclear spectrum is still unabsorbed
(NH ≃ 5× 10
20 cm−2). These results were confirmed by the
XMM-Newton observation, even if the source extraction re-
gion was partly contaminated by some off-nuclear sources in
the host galaxy (Cappi et al. 2006; Gonza´lez-Mart´ın et al.
2009).
We show in Fig. 13 the EPIC pn fields of the old
and our XMM-Newton observations. As already shown by
c© 0000 RAS, MNRAS 000, 000–000
12 Stefano Bianchi, et al.
Figure 12. NGC 4698: NOT optical spectrum along with best fit (see Table 10).
Table 10. NGC4698: optical emission lines in the NOT spectrum
(see Fig. 12).
Line λl FWHM Flux
(1) (2) (3) (4)
Hβ 4861.33 270∗ < 1.6
[O iii] 4958.92 270± 30 4.9± 1.2
[O iii] 5006.85 270± 30 13.5± 1.4
[O i] 6300.32 150∗ < 1.6
[N ii] 6548.06 300± 30 4.9± 0.4
Hα 6562.79 150± 30 5.6± 1.0
[N ii] 6583.39 300± 30 14.8± 1.3
[S ii] 6716.42 170± 50 2.9± 0.8
[S ii] 6730.78 170± 50 1.5± 0.7
Notes.– Col. (1) Identification. Col (2) Laboratory wavelength
(A˚), in air (Bowen 1960). Col. (3) km s−1 (instrumental resolution
not removed). Col. (4) 10−15 erg cm−2 s−1.
past works, the ASCA extraction region is significantly con-
taminated, while the XMM-Newton region that we chose
contains ≃ 3 off-nuclear sources, whose total X-ray flux
contribute to ≃ 40% of the observed flux in that region,
assuming the fluxes reported by Georgantopoulos & Zezas
(2003). After having verified that there is no significant vari-
ability during the observations and the spectra extracted
from that region are consistent between the two obser-
vations, we decided to co-add them. The resulting X-ray
spectrum (shown in Fig.14) is well fitted by a powerlaw
(Γ = 1.90 ± 0.10) absorbed by the Galactic column density
(normalized Cash=146/126 d.o.f.). Only upper limits can
be recovered for a local neutral absorbing column density
(NH < 1.9× 10
20) and an iron Kα emission line (EW< 450
eV). The 0.5-2 keV flux is (2.1± 0.4)× 10−14 erg s−1 cm−2,
while the 2-10 keV flux is (3.0± 0.5)× 10−14 erg s−1 cm−2.
They correspond to luminosities of (5.3± 0.9) × 1038 and
(7.5± 1.3) × 1038 erg s−1, respectively. The 2-10 keV to
[O iii] luminosity ratio is log LX
L[OIII]
< 0.15, which is sig-
nificantly lower than the average value for Compton-thin
sources (see e.g. Lamastra et al. 2009). Moreover, this ra-
tio is an upper limit for two reasons: first, because the Hβ
is not detected in our optical spectrum, so we only have a
lower limit of the Balmer decrement and, therefore, to the
intrinsic [O iii] flux; moreover, the X-ray flux is an upper
limit to the nuclear flux, which is likely to be contaminated
by the off-nuclear sources detected by Chandra. We can de-
rive a better estimate of the ratio by using the Chandra
X-ray flux (taken from Georgantopoulos & Zezas 2003, but
rescaled to 2-10 keV), and the [O iii] flux and Balmer decre-
ment measured by Ho et al. (1997). The resulting ratio is
log LX
L[OIII]
= −0.27, suggesting that the source is Compton-
thick (see e.g. Lamastra et al. 2009; Marinucci et al. 2012).
This is in agreement with the low LX/L12 µm ratio, as re-
ported by Shi et al. (2010).
4.6.1 The off-nuclear sources in the NGC 4698 field
As a final note, it is interesting to mention the large vari-
ability of the off-nuclear sources between the two XMM-
Newton observations, as clearly shown in Fig. 13. In particu-
lar, the two sources inside theD25 of the galaxy that we label
XMMU J124820.8+082918 and XMMU J124823.1+082802
are detected at high significance in the second observation,
but not in the previous one. The fit with a simple powerlaw
with Galactic intervening absorption is acceptable for both
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Figure 13. NGC 4698: XMM-Newton EPIC pn fields for the two observations. The extraction regions for the pn spectra are shown
in yellow. The large green circle is the extraction region for the ASCA SIS0 spectrum. White crosses are the sources detected in the
Chandra observation, apart from NGC 4698, RX J1248.4+0831, and J124825.9+083020 (Georgantopoulos & Zezas 2003). The two ULXs
appeared in the second observation (see text and Table 11 for details) are marked in the right panel.
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Figure 14. NGC 4698: EPIC pn (black) and co-added MOS (red)
spectra, along with the best fit and residuals, for the combined
XMM-Newton observations. See text for details.
objects (χ2 = 30/31 d.o.f. and 32/26 d.o.f., respectively),
while more complicated spectral shapes are not required (see
Table 11). The luminosities of the two sources (≃ 1039 erg
s−1 if at the distance of NGC 4698) put them in the Ultra-
Luminous X-ray sources (ULX) regime, even if at the lower
LX range. We can interpret these sources as variable X-ray
binaries with a BH mass of the order of ≃ 10M⊙.
In the first XMM-Newton observation, at the positions
of these two sources we find only upper limits to the lumi-
nosities of ≃ 5 and ≃ 3× 1038 erg s−1, respectively. XMMU
J124820.8+082918 is marginally detected in the Chandra
observation (performed one year later, in 2002) with a lumi-
nosity of ≃ 3× 1037 erg s−1 (estimated by re-scaling its net
counts with respect to the net counts in the nucleus as re-
ported in Table 1 of Georgantopoulos & Zezas 2003). On the
other hand, XMMU J124823.1+082802 is not detected even
in the Chandra observation, and might be a ‘new’ source.
It is indeed consistent with a possible supernova, both on
energetics and spectral shape, since it can be fitted by an
apec thermal component (as for SN IIn for instance, see e.g
Immler & Lewin 2003), although the fit cannot be statisti-
cally preferred to a simple powerlaw.
No apparent optical counterpart is present on the avail-
able optical/IR/UV material, however none is from the
epoch of the second XMM-Newton observation. ULXs are
massive and therefore have young progenitors. It follows that
the brightening or appearance of new sources is at odds with
the optical classification of the nucleus of NGC 4698 with
a population of age T > 5 Gyr (Corsini et al. 2012). We
might speculate that the merging responsible for the nu-
clear appearance still has an impact on the outskirts of the
galaxy, where star formation is visible in two UV rings from
GALEX images (Cortese & Hughes 2009) at a rate of ∼ 0.1
M⊙/yr (I. De Looze, private communication), or that other
mechanisms are at work.
4.7 Q2130-431 and Q2131-427
Q2130-431 and Q2131-427 belong to the ‘naked’ AGN class,
where the absence of broad emission lines is accompanied by
strong optical variability, suggesting that the nucleus is seen
directly (Hawkins 2004). The absence of significant absorp-
tion in the X-ray spectra was later confirmed by Chandra
snapshots (Gliozzi, Sambruna & Foschini 2007). The simul-
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Table 11. Properties of the two ULX candidates appeared in the new XMM-Newton observation of NGC 4698. See text for details.
Name RA DEC Γ Fs Fh L
(1) (2) (3) (4) (5) (6) (7)
XMMU J124820.8+082918 12:48:20.8 +08:29:18.4 1.52± 0.13 1.91 4.6 1.6
XMMU J124823.1+082802 12:48:23.1 +08:28:02.5 1.56± 0.16 1.29 2.9 1.0
Notes.– Col. (1) Name of the source following the naming conventions suggested by the XMM-Newton team. (2), (3) RA and DEC
(Equatorial J2000) (4) X-ray photon index (5), (6) 0.5-2 and 2-10 keV fluxes are in 10−14 erg s−1 cm−2, (7) 0.5-10 keV luminosities
are in 1039 erg s−1
taneous X-rays and optical observations of Q2130-431 and
Q2131-427 were analysed in detail by Panessa et al. (2009).
While the optical spectrum of Q2130-431 do show broad
components of the Balmer lines, Q2131-427 appears to lack
broad optical lines and X-ray absorption along the line of
sight, thus being a true Type 2 Seyfert galaxy.
5 DISCUSSION
5.1 Rejected candidates: IC1631,
IRAS01428-0404, NGC4698, Q2130-431
The Seyfert 2 nature was confirmed by our new optical spec-
tra for all the sources of our sample (but see Sect. 4.3 and
5.2 for the case of Mrk273x), with the exception of IC 1631
and Q2130-431. The classification of IC1631 was ambiguous
in the literature, but all the line diagnostics derived from
our optical spectrum clearly put the source in the region
populated by starburst galaxies. The X-ray data are consis-
tent with this interpretation, requiring a star formation rate
of ≃ 10 − 15 M⊙/yr. Therefore, IC 1631 must be removed,
once and for all, as a candidate unabsorbed Seyfert 2.
On the other hand, Q2130-431 clearly shows broad com-
ponents of the Balmer lines in its optical spectrum. However,
notwithstanding the negligible observed Balmer decrement
on the broad lines (3.4), the flux of the Hβ broad compo-
nent appears quite weak with respect to the [O iii] line. How-
ever, the ratio between the luminosity of the broad Hα line
and the 2-10 keV luminosity (LbroadHα /L2−10 keV ≃ −1.7) is
still within the distribution presented by Shi et al. (2010)
for type 1 and intermediate AGN. Therefore, the BLR in
this source may be somewhat weaker than in ‘normal’ AGN,
but the source cannot be considered a true Type 2 Seyfert
galaxy.
Other two sources, IRAS01428-0404 and NGC4698, are
very likely Compton-thick. In both cases, the optical classi-
fication as a Seyfert 2 is unambiguous. On the other hand,
the presence of a Compton-thick absorber cannot be di-
rectly confirmed by the X-ray spectral analysis, because of
the weakness of the sources. However, the low 2-10 keV to
[O iii] luminosity ratios are quite suggestive that the primary
X-ray continuum is absorbed by a Compton-thick material
along the line-of-sight, while we only observe a small frac-
tion as reflected by circumnuclear matter. If this interpreta-
tion is correct, the two sources are standard Compton-thick
Seyfert 2 galaxies, and must be cancelled from any list of
unabsorbed Sy2 candidates.
5.2 Mrk273x: a peculiar candidate
One object of our initial sample, Mrk 273x, represents a good
candidate as an unabsorbed Seyfert 2. However, the optical
classification as a Seyfert 2 is only based on the lack of a
broad component of the Hβ emission line: a spectrum en-
compassing the Hα emission line region is definitely needed
to settle the issue. Interestingly enough, its X-ray luminosity
is very large (≃ 1044 erg s−1). Adopting different bolomet-
ric corrections for the X-ray luminosity (Elvis et al. 1994;
Marconi et al. 2004; Vasudevan & Fabian 2009), we obtain
bolometric luminosities in the range 1 − 3 × 1045 erg s−1.
Although no BH mass estimates are present in the litera-
ture, we can have a rough one by using the FWHM of the
[O iii] emission line as a proxy of the stellar velocity dis-
persion (see e.g. Greene & Ho 2005), and then using the
Tremaine et al. (2002) relation. With the FWHM reported
by Xia et al. (1999), we get a BH mass of ≃ 1 × 108M⊙.
Therefore, the Eddington rate of Mrk 273x would be of the
order 0.08−0.2. If this source is confirmed to really lack the
BLR, the models invoking a low accretion rate/low lumi-
nosity regime for its disappearance would be seriously chal-
lenged (see next section).
This source closely resembles 1ES 1927+654, a lumi-
nous type 2 Seyfert galaxy (L0.1−2.4keV ∼ 4.6 × 10
43 ergs
sec−1) which revealed persistent, rapid and large scale vari-
ations in ROSAT and Chandra observations, and no X-ray
absorption (Boller et al. 2003). Our campaign of quasi si-
multaneous TNG Optical/NIR and XMM-Newton observa-
tions have confirmed the ‘true’ type 2 nature of this source,
i.e., no broad optical emission line components nor X-ray
absorption in excess to the Galactic one (Panessa et al. in
preparation). However, the XMM-Newton flux is ten times
lower than the ROSAT one, so the engine might be still
strongly active and variable (caught in a low flux state) or
may be fading away. The Eddington ratio derived from the
XMM-Newton flux is LBol/LEdd ∼ 0.01, still at the border-
line of the critical accretion rates predicted by theoretical
models (see next section).
5.3 True type 2 Seyfert 2s: NGC3147, NGC3660,
and Q2131-427
Out of the initial sample composed by 8 sources, three,
namely NGC 3147, NGC 3660, and Q2131-427, do ap-
pear to simultaneously lack the broad optical lines and
X-ray absorption along the line-of-sight2. In all cases, al-
2 The optical and X-ray observations of NGC 3660 are not
strictly simultaneous due to technical problems, but all the avail-
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Table 12. Main properties of the three true type 2 Seyfert 2s
confirmed in this paper. See text for details.
Name L MBH Lbol/LEdd
(1) (2) (3) (4)
NGC3147 0.3− 0.7 20− 62 4× 10−5 − 3× 10−4
NGC3660 1− 2 0.68− 2.1 4× 10−3 − 2× 10−2
Q2131-427 20− 30 77 2− 3× 10−3
Notes.– Col. (1) Name of the source. (2) Bolometric luminosity
range in 1043 erg s−1 (see text for details on the adopted methods
for this estimate) (3) BH mass range in 107M⊙ (see text for the
appropriate references) (4) Eddington ratio range
though a Compton-thick interpretation of the X-ray spec-
trum cannot be completely excluded (see Matt et al. 2012;
Brightman & Nandra 2008; Panessa et al. 2009), the short-
term X-ray variability of NGC3660, the variability on few-
years timescale of NGC 3147, and the large optical bright-
ness variability of Q2131-427 strongly support their unab-
sorbed nature. In order to rule out in these sources the pres-
ence of broad optical lines as for standard unobscured AGN,
we should compare the weak broad components compatible
with their optical spectra to the expectations for ‘normal’
objects.
In the case of NGC 3147, Bianchi et al. (2008) reported
an upper limit to a broad (FWHM=2000 km s−1) compo-
nent of the Hα corresponding to a luminosity of 2 × 1038
erg s−1. This value is significantly lower than expected from
the X-ray luminosity, i.e. ≃ 5.6 × 1040 erg s−1, consider-
ing the relation presented by Stern & Laor (2012), based
on a large sample of SDSS Type 1 AGN. Similarly, the ob-
served luminosity of the weak broad component of the Hα
in NGC 3660 is 6.2× 1039 erg s−1, again significantly lower
than the expected value, ≃ 2.8 × 1041 erg s−1. For Q2131-
427, the upper limit (FWHM=4000 km s−1) is 8 × 1040
erg s−1 Panessa et al. (2009), to be compared to the ex-
pected 8 × 1042 erg s−1. The same conclusions can be
drawn by comparing the observed LbroadHα /L2−10 keV ratios
of NGC 3147, NGC 3660, and Q2131-427 to the distribu-
tion presented by Shi et al. (2010) for type 1 and inter-
mediate AGN. In the case of NGC 3147 this is also true
for the LbroadHβ /νL
1.4GHz
ν and L
broad
Hα /L
10µm
ν ratios (Shi et al.
2010). Therefore, in these sources the emission of the BLR,
if present, is much weaker than the one found in common
Seyfert 1s, or the widths of the broad optical line compo-
nents are much larger.
Reverberation mapping studies show that the radius of
the BLR and the bolometric luminosity of the AGN always
follow a tight L1/2 relation (see e.g. Kaspi et al. 2007, who
showed how the C iv emission line lags follow this relation
over more than 7 orders of magnitude in continuum luminos-
ity). This relation is naturally explained by assuming that
the outer boundary of the BLR is determined by the dust
sublimation radius, which is set by the continuum luminos-
ity. Once the BLR radius is determined by the luminosity,
the BH mass sets the velocity of the gas at that distance.
In formulæ, combining Eq. 2 and 6 in Stern & Laor (2012),
able optical spectra are consistent each other, as described in
Sect. 4.5.
we get the expected FWHM of the broad optical lines as a
function of the BH mass and the bolometric luminosity of
the AGN:
FWHMHα ≃ 7088
(
MBH
108M⊙
)0.49 (
Lbol
1044
)−0.26
kms−1 (2)
The bolometric luminosity of NGC 3147 can be es-
timated from the 2-10 keV X-ray luminosity, whose av-
erage value around 3 × 1041 erg s−1 was measured by
XMM-Newton (Bianchi et al. 2008) and Suzaku (Matt et al.
2012). Adopting different bolometric corrections for the
X-ray luminosity (Elvis et al. 1994; Marconi et al. 2004;
Vasudevan & Fabian 2009), we obtain bolometric lumi-
nosities in the range 3 − 7 × 1042 erg s−1. On the
other hand, BH mass estimates in literature range from
2.0 to 6.2 × 108M⊙ (Merloni, Heinz & di Matteo 2003;
Dong & De Robertis 2006). Using these estimates in Eq. 2,
the expected FWHM for the Hα emission line produced in
the BLR should be in the range 20 000 − 40 000 km s−1.
Objects with such broad lines are expected to be extremely
rare, if existing at all (see e.g. Stern & Laor 2012).
In the case of NGC 3660, from the X-ray luminosity
measured in Sect. 4.5 we get bolometric luminosities in the
range 1−2×1043 erg s−1. With BH mass estimates ranging
from 6.8×106M⊙ (Mele´ndez, Kraemer & Schmitt 2010) to
2.1× 107M⊙ (Wang & Zhang 2007), the expected FWHM
for the broad Hα component is 2800-6000 km s−1. This value
is consistent with the FWHM of the broad component pos-
sibly detected in our optical spectra (but not confirmed in
the infrared spectrum: see Sect. 4.5), whose luminosity, as
shown above, is significantly lower than the one expected
from a ‘normal’ BLR.
Finally, from the X-ray luminosity of Q2131-427 and the
BH mass (7.7× 108M⊙) reported by Panessa et al. (2009),
we get bolometric luminosities in the range 2− 3× 1044 erg
s−1, and an expected FWHM for the broad Hα component
of 14 000− 16 000 km s−1 km s−1. These values, even if less
extreme than those derived for NGC 3147, are still excep-
tional.
The weakness of the broad optical lines may be due,
as in normal Seyfert 2s, to dust extinction. The amount of
dust required is very large, since the broad lines are not
present even in the NIR spectra (see Sect. 4.5 for NGC 3660
and Tran, Lyke & Mader 2011, for NGC 3147). However, in
the X-ray spectra of these sources there are no signatures
of absorption by cold gas along the line-of-sight, requiring
an anomalous high fraction of dust associated to very little
gas. Although deviations from the Galactic gas-to-dust ra-
tios are very common in AGN (e.g. Maiolino et al. 2001),
there is always more gas than expected, likely explained
by the presence of absorbing gas within the dust sublima-
tion radius (e.g. Bianchi, Maiolino & Risaliti 2012, and ref-
erences therein). The opposite situation, i.e. more dust than
standard, would imply the presence of an unlikely physical
mechanism able to suppress gas without destroying dust. In
principle a very highly ionised dusty warm absorber could
be difficult to detect in these X-ray spectra without high
spectral resolution and high statistics. However, the prop-
erties of such a dusty warm absorber should be much more
extreme than those typically found in Seyfert 1 galaxies (e.g.
Lee et al. 2001, and references therein). Alternatively, an ad-
hoc geometry could account for dust extinction of the BLR,
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but no gas absorption along the line-of-sight to the X-ray
source. However, this peculiar geometry should also prevent
us from seeing the optical broad lines even in polarized light:
both sources have high-quality spectro-polarimetric data,
with no evidence for an hidden BLR (Tran 2003; Shi et al.
2010; Tran, Lyke & Mader 2011).
The most likely explanation for the absence of broad
optical lines in these sources is that they intrinsically lack
the BLR. The inability of some AGN to form the BLR
is predicted by several theoretical models, all based on a
rich literature elaborating the idea that the BLR is part of
a disk wind (e.g. Emmering, Blandford & Shlosman 1992;
Murray et al. 1995; Elvis 2000). Evidence in favour of the
presence of this wind in Seyfert galaxies is likely repre-
sented by the observation of X-ray and UV absorbers out-
flowing up to very high velocities (e.g. Blustin et al. 2005;
Tombesi et al. 2010). Both Nicastro (2000) and Trump et al.
(2011) assume that this disk wind originates at the radius
where radiation pressure is equal to the gas pressure. If
this radius becomes smaller than a characteristic critical
radius, the disk wind cannot be launched, and the BLR
cannot from. This critical radius can be identified with the
innermost last stable orbit of a classic Shakura & Sunyaev
(1973) disk (Nicastro 2000), or the transition radius to a
radiatively inefficient accretion flow (Trump et al. 2011). In
both cases, the formation of the BLR is prevented for Ed-
dington rates m˙ = Lbol/LEdd lower than a critical value,
which can be expressed as m˙ ≃ 2.4 × 10−3M
−1/8
8 and
m˙ ≃ 1.3 × 10−2M
−1/8
8 , respectively, where M8 is the BH
mass in units of 108M⊙. The Eddington rate of NGC 3147,
with the same considerations as above, can be estimated
in the range 4 × 10−5 − 3 × 10−4, well below the thresh-
olds predicted by both models. The same holds for Q2131-
427, where m˙ = 2 − 3 × 10−3. In the case of NGC 3660,
m˙ = 4×10−3−2×10−2, lower than the Trump et al. (2011)
threshold, but only marginally consistent with the Nicastro
(2000) one in the low end.
Trump et al. (2011) support their model by showing an
observational limit at m˙ ≃ 0.01 between AGN with broad
optical lines and (X-ray unobscured) AGN without. Another
observational evidence of the existence of a minimum accre-
tion rate for the formation of the BLR comes from several
studies that point out the absence of broad optical lines
in the spectra in polarized light of Seyfert 2s with low
Eddington rates (e.g. Nicastro, Martocchia & Matt 2003;
Bian & Gu 2007; Wu et al. 2011; Marinucci et al. 2012). In
the recent analysis by Marinucci et al. (2012), the threshold
is found at m˙ ≃ 0.01, which is in agreement both with the
model and the data presented by Trump et al. (2011).
Are true type Seyfert 2s rare objects? Apart from
NGC 3147, NGC 3660, and Q2131-427, there are not many
other strong representatives of this class in literature. If
all true type Seyfert 2s are indeed low-accretors, their
paucity should not be very surprising. As already noted
by Marinucci et al. (2012) and Bianchi, Maiolino & Risaliti
(2012), when a sizeable sample of X-ray unobscured radio-
quiet AGN with good-quality spectra is analysed (e.g.
CAIXA: Bianchi et al. 2009a), only a few (< 5%) lie below
the m˙ ≃ 0.01 limit, with NGC 3147 and NGC 3660 among
them. The fraction of low-accreting unabsorbed Seyfert 2
candidates rises up to 30% in extensively studied samples de-
rived from surveys (COSMOS: Trump et al. 2011), but the
lack of simultaneous optical and X-ray observations, and the
low quality of the X-ray spectra, prevent us from drawing
firm conclusions on their nature as genuine true type 2 AGN.
Interestingly, a similar fraction of ≃ 25% of low-accreting
objects are found to lack the signatures of an hidden BLR
in polarized light in obscured AGN (Marinucci et al. 2012).
In this scenario, these sources would represent the obscured
counterparts of true type Seyfert 2s, the only difference be-
ing the presence of an obscuring medium along the line of
sight.
A separate discussion is probably needed for the so-
called Low Luminosity AGN (LLAGN), which are mostly
LINERs or transition objects, with bolometric luminosites
significantly lower than 1042 erg s−1 (e.g. Ho et al. 1997;
Terashima, Ho & Ptak 2000). There are some LLAGN ac-
creting at rates well below 0.01 with broad optical emission
lines (e.g., M81: Ho, Filippenko & Sargent 1996). Recently,
Elitzur & Ho (2009) presented a comprehensive analysis of
a sample of LLAGN with the aim to derive observationally
where the separation between objects with BLR and those
without lies. The separation they propose can be expressed
in terms of accretion rate as m˙ ≃ 1.8 × 10−6M
−1/3
8 , much
lower than the ones predicted by the Trump et al. (2011)
and Nicastro (2000) models (with which our results agree),
despite adopting a similar disk-wind scenario. Trump et al.
(2011) discussed in detail this discrepancy, without reaching
a definite conclusion. It seems that the formation of the BLR
in objects with very inefficient accretion regimes may be
significantly different than what occurs in higher-luminosity
AGN. Further studies on LLAGN are clearly fundamental to
understand this issue and to shed light on the link between
the accretion mechanisms and the formation of the BLR.
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